The sweet protein monellin consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. Since blocking the free SH group of Cys41 in the B chain or treating the adjacent Met42 with CNBrremoved its sweetness, this part of the molecule has been suggested to be essential for the sweetness. The [Ser41] B chain, an analogue of the B chain, was synthesized by the stepwise Fmoc solid-phase method in an overall yield of 1.9%. The synthetic B chain analogue was combined with the A chain, which was left over from a previous work, to give [Ser41] B-chain monellin in a yield of 31.0%. This synthetic monellin analogue was 2000 times as sweet as sucrose. Changing the Cys41 residue to the Ser residue significantly decreased the sweetness potency and stability of the molecule in solution. Crystallization was carried out by a vapor diffusion method.
The sweet protein monellin has been isolated from the fruit of the West African plant, Dioscoreophyllum cumminsii (Stapf) Diels, and is 3000 times sweeter than sucrose.1>2) Monellin consists of two noncovalently associated polypeptide chains, the A chain of 44 amino acid residues and the B chain of 50 residues. Two different primary structures have been reported for each of them.3"5) Recently, we unambiguously determined the primary structure of monellin.6) In studies on the structuretaste relationship of monellin, we recently synthesized monellin7) and its analogues, The peptide synthesis was performed by the stepwise solid-phase methodwith a manual shaker in a reaction vessel, using the fluoren- group was removed with M)%pipendme in Af,Af-dimethylformamide (DMF), except for the Fmoc group of Glu49, which was removed with 20% piperidine in DMF. Elongation of the peptide chain was performed by the dicyclohexylcarbodiimide (DCC)/ 1 -hydroxybenzotriazole (HOBt) method13) in CH2C12-DMF or in JV-methyl-2-pyrrolidone (NMP), or by the symmetrical anhydride method. The coupling reaction and deprotection of the Fmocgroup were monitored by the Kaiser test.14) After the last coupling step, the peptide resin was treated with CH2Cl2-anisole-ra-cresol-1 ,2-ethanedithiol-trifluoroacetic acid (TFA).
After removing the resin by filtration, the filtrate was concentrated to a small volume, and the product was precipitated with ether. The peptide thus obtained was further treated with m-cresol-1 ,2-ethanedithiol-thioanisole-TFA, and trimethylsilylbromide (TMSBr) 15) was then added to the reaction mixture. The product was precipitated with ether, and then treated with 1 m NH4F15) in water ( Fig. 2A ). In our previous experiment, combining the A chain with the B chain obtained from the first eluted peak from HIC gave monellin in a high yield, but combination of the A chain with the B chain obtained from the second eluted peak gave monellin in a low yield (unpublished results). This fact suggested that the synthetic B chain might have contained an "unfavorable conformer" that hardly associated with the A chain. Therefore, the B chain was predominantly used over the A chain in B chain in the early-eluting form, the [Ser41] B chain left over from the experiment already described (Fig. 2B ) was applied to a TSKgel Phenyl-5PW column, and eluted with 10% acetonitrile containing 0.1% TFA for 5min at a flow rate of 1ml/min, and then with a linear gradient of 10% to 60% acetonitrile containing 0.1% TFA obtained in lOmin at a flow rate of 1 ml/min. The early-and late-eluted peaks were separately collected and lyophilized. The late-eluted peptide thus obtained was first purified by HPLCwith the Inertsil ODS column. The purified peptide was then applied to the TSKgel Phenyl-5PW column, and eluted under the conditions already described to give the early-and late-eluting peaks, from which the early-eluting peak was collected. The earlyeluting [Ser41] B chains thus obtained were combined and further purified by HPLCwith the Inertsil ODScolumn; the overall yield was 1.9%, based on the amine content of the starting amino acid resin. The sample was eluted with 0.1% TFA for 5min at a flow rate of 1 ml/min, and then with a linear gradient of0% B (0.1% TFA) to 60% B obtained in lOmin at a flow rate of 1ml/min, employing the same solvent systems as those used in Fig. 3 . . ' (Fig. 7) . Thus, hydrophobic interaction chromatography, using a TSKgel Phenyl-5PW column, for the protein was performed with a modification of the previously used HPLCconditions (details are given in the legend to Fig. 3 ).
The synthetic [Ser41] B-chain monellin was 2000 times as sweet as sucrose (c/., synthetic monellin was 4000 times as sweet as sucrose.7)).
Changing the Cys41 residue to the Ser residue significantly decreased the sweetness potency and stability of the molecule in solution. The circular dichroism (CD) spectrum of the monellin analogue was slightly different from that of the synthetic monellin (Fig. 7) , suggesting that its conformation was slightly different from that of the synthetic monellin. The synthetic [Ser41] B-chain monellin was dissociated in 10% acetonitrile containing 0.1% TFA as already described, while the synthetic monellin mostly retained the native, sweet conformation in the same solvent (Fig.   7 ). These results suggest that the SH group of Cys41 in the B chain played an important role in holding the native, sweet conformation. 16) Crystallization of the synthetic monellin analogue was carried out by the "hanging drop" vapor diffusion method as described previously7~9) (Fig.  8 ).
Experimental
The protected amino acids were obtained from Kokusan Chemical Works Ltd., Bachem Feinchemikalien AG or Novabiochem AG. Fmoc-Asn(Mbh)-OCH2-C6H4-OCH2-resin was purchased from Bachem Feinchemikalien AG. All solvents were of reagent or HPLCgrade. Peptide synthesis was performed by the stepwise solid-phase method with a manual shaker in a reaction vessel, reactions being performed at room temperature unless otherwise stated. HPLC was carried out with a Waters M600 instrument under linear gradient conditions [C1 8 reversed- containing 1% phenol at 110°C for 24hr and 96hr (for the Ile-Ile peptide bond) in sealed ampules under high vacuum.Quantitative amino acid analyses were carried out with a Beckman 6300E amino acid analyzer, and LSI-mass spectra were taken with a JEOL JMS HX110/HX110 tandem mass spectrometer.
CD spectra were recorded at 21°C on a Jasco J-500A spectrometer equipped with a DP-500N data processor, and the absorbance of each protein solution was determined with a BeckmanDU-64 spectrophotometer. Crystals of the monellin analogue were photographed under a polarized microscope (Olympus BH-2) within a crystallizing well. were coupled by the DCC/HOBtmethod, in which 1m DCC(0.33ml in CH2C12) was added to a solution of an appropriate Fmoc-amino acid derivative (0.30 mmol) and HOBt (0.36mmol) in a mixture (3 ml) ofDMF and CH2C12 (1 : 9), the mixture being shaken for 1.5hr. For residues 43 and 36, procedure (c) was repeated to complete the coupling reaction. Residues 30-13 and 9 were coupled by the DCC/HOBtmethod in NMP(3 ml), and the mixture was shaken for 3hr. For residues 25-23, 20, 19 and 17-13, the procedure was repeated, and the mixture was stood overnight to complete the coupling reaction. Residues 39-37, 33, 31, 12-10 and 8-2 were coupled by the symmetrical anhydride method, in which anhydrides of Fmoc-aminoacid derivatives were prepared by the reaction of an appropriate Fmoc-amino acid derivative (0.6mmol) with 1 M DCC (0.3ml in CH2C12) in a mixture of DMF (1.5ml) and CH2C12 (1.5ml) in an ice-bath for 15min; the reaction period was 3 hr for residues 37, 12-10 and 8-2, and 4hr for residues 39, 38, 33 and 31. The Kaiser test data for residues 39, 33, 31, 12 and 7 indicated that a second coupling was necessary for quantitative incorporation. The coupling reaction (the DCC/HOBt method in NMP)was performed for 2hr, and the reaction mixture continued for 5hr while cooling. A sufficient amount of ether was added to the reaction mixture, and then the resulting precipitate was collected by filtration and dried. The peptide (570 mg) thus obtained was suspended in water (10ml) and cooled in an ice-bath. The suspension was adjusted to pH 8 with triethylamine, and to this suspension was added 1 m NH4F(400/^1). The mixture was stirred for 30min while cooling and then adjusted to pH 5 with acetic acid. The resulting peptide was collected by nitration and dried, weighing 350mg. The precipitate (350mg) was dissolved in TFA (4.5ml) and filtered. The nitrate (400-600jul) was applied to a preparative HPLCcolumn (Inertsil ODS) and eluted with a linear gradient of 20% to 50% acetonitrile containing 0.05% TFA obtained in 50min at a flow rate of 10ml/min, the elution profile being monitored at 210 nm. This procedure was repeated 8 times to purify the whole amount of the peptide. The analytical HPLCelution profile of the filtrate is shown in Fig. 2A . The fractions of the main peak were collected, concentrated under reduced pressure to a small volume, and lyophilized to give a powder, which was then dissolved in 6ml of20% acetonitrile containing 0.05% TFA. The solution (1.5 ml) was applied to a preparative HPLCcolumn (Inertsil ODS) and eluted with a linear gradient of20% to 43% acetonitrile containing 0.05% TFA in 50min at a flow rate of ( 1) TSKgel Phenyl-5PW column and eluted with 10% acetonitrile containing 0.1% TFA at a flow rate of 1 ml/min for 5 min, and then with a linear gradient of 10% to 60% acetonitrile containing 0.1% TFA obtained in 10min at a flow rate of 1 ml/min, the elution profile being monitored at 277 nm. This procedure was repeated to purify all 10 portions of the peptide. The two broad peaks eluted at 4.3 and 19.4min were separately collected and lyophilized. The peptide obtained from the late-eluted 1837 peak was applied to an Inertsil ODScolumn and eluted with a linear gradient of 20% to 50% acetonitrile containing 0.05% TFA obtained in 30min at a flow rate of lOml/min. The purified peptide was then applied to the TSKgel Phenyl-5PW column, and eluted under the conditions already described to give the early-and late-eluting peaks, from which the early-eluting peak was collected and lyophilized. The early eluting peptides were combined to give a total yield of 10.22mg. The peptide (8.22mg) was further applied to the Inertsil ODScolumn and eluted with a linear gradient of 20% to 43% acetonitrile containing 0.05% TFA obtained in 50min at a flow rate of Wlodawer and Hodgson,19) using the "hanging drop" vapor diffusion method described previously.7~9) A solution (10jA) containing 4mg/ml of [Ser41] B-chain monellin in a 14% (w/w) solution of polyethylene glycol and 10him phosphate buffer at pH 7.2 was equilibrated with a 28% (w/w) solution of polyethylene glycol and 10 mMphosphate buffer at 4°C. Crystals appeared after 4 days (Fig. 8) .
Sweetness evaluation. The sweetness intensity of the synthetic [Ser41] B-chain monellin was organoleptically determined by a panel of five untrained people. The 
